Summary: A simple method was developed for the determination of inorganic phosphorus in serum without deproteinization. The method is based on the use of formic acid as protein solubilizer and glycerol as stabilizer for the assay system. The optimal conditions for colour development were determined. The results obtained with the new method correlate well with those obtained after deproteinization of serum with trichloroacetic acid. The present method could be fully mechanized, and its application to the determination of serum phosphatases is discussed. 
Introduction
Inorganic phosphorus, present in serum as phosphate, forms a phosphomolybdate complex with molybdic acid. The latter can be easily reduced to a blue colour, which can be measured colorimetrically. This reaction is applied widely in clinical chemistry (1, 2) .
In our preliminary investigations to determine serum phosphorus without deproteimzation, it had been found that formic acid, together with glycerol, could solübilize serum proteins even in the presence of ammonium molybdate. When glycerol was omitted serum proteins were reprecipitated after the addition of ammonium molybdate. Ethylene and propylene glycols, in higher concentration, gave the same effect as glycerol in the presence of formic acid. Therefore it was of interest to fully investigate the optimal conditions for the determination of serum phosphorus without deproteinization using formic acid as protein solubüizer and glycerol as stabilizing agent for the assay system.
Material and Methods
Reagents required for the established method mentioned in table l,are:
Protein solubilizer
Use pure formic acid 1220 g/1 (density 1.22, Prolabo) 2. Stabilizer Mix 300 ml glycerol (density 1.263, Prolabo) with 700 ml distilled water, this will give a concentration of 378 g/1. Keep in closed brown container.
Ammonium molybdate
Dissolve 10 g ammonium molybdate (BDH) in one litre of distilled water. The solution is stable at room temperature.
4.
Reagent mixture for use (formic acid/glycerol/molybdate) Mix solution 1, 2 and 3 in a ratio of 200 ml + 200 ml + 100 ml respectively. Keep in closed brown container. Solution is stable for up to three weeks.
Reducing agent
Use freshly prepared stannous chloride (BDH), 1.5 g/1 in 1 mol/1 hydrochloric acid.
Standard phosphorus
Dissolve 0.0878 g potassium dihydrogen phosphate (BDH) in one litre distilled water. Add few drops of chloroform and keep at 4°C. This solution contains 20 mg/1 phosphorus (Pj).
Phosphorus determinations
Phosphorus was determined in serum without deproteinization using formic acid and glycerol according to the optimal conditions outlined in Table 1 volume of one ml, was treated with 5 ml of 160 g/1 trichloroacetic acid; after centrifugation a 3 ml aliquot (equivalent to 0.1 ml serum) was mixed with 0.5 ml of 10 g/1 ammonium molybdate, followed by 0.5 ml 1.5 g/1 stannous chloride. After standing for 30 minutes, the colour was measured at 640 nm, using a Unicam SP 500 and a 1 cm cuvette. 
Results

Establishment of optimal conditions
Effect of formic acid and glycerol As shown in table 2, the assay of 2.85 mg/1 phosphorus in the presence of a constant concentration of formic acid (348 g/1) and different concentrations of glycerol (88 to 126 g/1 in the final assay mixture) showed an optimal optical density of 1.05 at 640 nm, irrespective of the presence or absence of serum. This value correlates well Tab. 2. Effect of different concentrations of formic acid and glycerol.
Formic acid Glycerol 2.85 mg/1 P; 2.85 mg/1 P; Recovery with that obtained after deproteinizätion with trichloroacetic acid. However, colour development was abolished when glycerol was used at concentration of more than 126 g/1 in the absence or presence of serum.
On the other hand, when glycerol was used at a concentration of 126 g/1, arid the concentration of formic acid was increased from 170 to 348 g/1, colour development, was not affected arid the results correlated well with those obtained with trichloroacetic acid.
Accordingly, 348 g/1 formic acid and 107 g/1 glycerol as a final concentration in the assay mixture were selected as the optimal concentrations for the present work.
Effect of ammonium molybdate
As shown in table 3, the amount of ammonium molybdate required for optimal colour development increases with increasing glycerol concentration. Iri the presence of serum and 101 g/1 glycerol, ammonium molybdate in a concentration of 1.12 g/1 is optimal for colour development. This concentration is identical to that required after deproteinizätion with trichloroacetic acid. In the absence of serum, and at the same concentration of glycerol, a minimum concentration of 1.68 g/1 is required for optimal colour development. However the concentration used in the method outlined in 
Effect of the type of reducing agent
As shown in figure 1 , both stannous chloride and ascorbic acid could be used as reducing agents in a concentration of 114-285 mg/1. Stannous chloride at a final concentration of 214 mg/1 was used for colour development through out the present study. However, 
Effect of serum concentration on phosphorus determination
Determination of phosphorus in the presence of up to 0.2 ml serum (double the volume required for the assay), did not interfere with intensity and stability of colour development. Jaundiced specimens did not represent any problem since the yellow colour due to bilirubin did not absorb at 640 nm.
Characteristics of the colour reaction
Rate and stability of colour reaction When phosphorus was determined as outlined in Table 1 in the presence or absence of serum, the optimal colour was developed after 30 and 20 minutes at 20°C and 37 °C respectively. The colour was found to be stable for a period of up to six hours.
Maximal absorbance of the colour
The colour of the reduced phosphomolybdate, developed under the described conditions, absorbs maximally in the range of 640-720 nm irrespective of the reducing agent used.
Sensitivity of formic acid-glycerol method
To test the validity and accuracy of the formic acidglycerol method, phosphorus determinations were carried out over a wide range of concentrations. The results were compared with those obtained after removal When a concentration of 0.285 to 2.85 mg/l phosphorus was added to serum, the percentage recovery was found to be 100 ± 5 with the formic acid-glycerol method, compared with 98.6 ±5.4 after deproteinizatiofi with trichloroacetic acid.
Specificity of formic acid-glycerol method for inorganic phosphorus
The specificity of the reaction for inorganic phosphorus was checked using various organic phosphates. With 5 mmol/1 adenosine-S'-mono-and tri-phosphate, glucose-6-phosphate, 0-glycerophosphate and p-nitrophenyl phosphate, absorbance values in the range of zero to 0.15 were obtained, whereas 32 μπιοΐ/ΐ inorganic phosphate gave absorbance values in the order of unity (see tab. 4). Clinical application of formic acid-glycerol method for serum phosphorus determination
The level of phosphorus in the serum of normal Egyptian subjects (100 cases) determined by the formic acidglycerol method outlined in Table 1 was found to be 4.3 ± 0.7 (range 3-6) mg/dl serum. This correlates well with the values obtained after deproteinization with trichloroacetic acid which were 4.8 ± 0.8 mg/dl serum.
Discussion
Development of a simple method for the determination of serum inorganic phosphorus without deproteinization is of great importance in routine analysis of phosphorus and phosphatase in serum. The deproteinization step represents the main difficulty in full mechanisation.
Different methods have been previously reported that deal with phosphorus determination in serum without deproteinization. Some are based on colorimetric measurement of the phospho-molybdate complex, either in its reduced form in alkaline medium (4), or its unreduced form in acid medium (5) . Another depends on spectrometric measurements (6).
However, colorimetric determination of the reduced phosphomolybdate complex in acid medium without removal of serum protein has not hitherto been reported. This has been achieved in the present work, using formic acid and glycerol.
Neither formic acid nor glycerol was enough to keep serum protein in solution after the addition of molybdate ions. Formic acid in a concentration of 348 g/1 and glycerol in a concentration of 107 g/1 was found to be convenient for colour development with phosphate. Glycerol at a higher concentration (145 g/1) abolished the colour development. However, this effect on colour development could be prevented if serum was added, or its concentration was reduced to 107-125 g/1.
The mechanism involved in solubilization of serum protein by the combined action of formic acid and glycerol may involve two steps. The first step is solubilization of protein by formic acid, which also acidifies the medium, a step necessary for colour development. The second step is stabilization of the system through the chelation of molybdenum with the hydroxyl group of glycerol, thus preventing protein precipitation without interfering with the formation of phosphate-molybdate complex. This speculation was supported by the data presented in Table 3 .
With stannous chloride äs the reducing agent, the sensitivity of the method was three times higher than with ascorbic acid. Stannous chloride does not interfere with the stability of the system, or with colour development.
The present method proved specific for inorganic phosphorus. The fact that organic monophosphate esters are not affected by formic acid made it possible to use this method for the determination of serum phosphatases without deproteinization (this will be reported in a separate publication). The levels of phosphorus in the serum of normal Egyptian subjects determined by this method correlate well with the values obtained after deproteinization with trichloroacetic acid reported here and in the literature (1, (7) (8) (9) .
The stability of the colour and the ease of measuring the blue colour give the method great advantages over the trichloroacetic acid method. By avoiding precipitation it is possible to fully mechanize the phosphorus determination.
